In this paper, we propose a new numerical algorithm, namely q-homotopy analysis Sumudu transform method (q-HASTM), to obtain the approximate solution for the nonlinear fractional dynamical model of interpersonal and romantic relationships. The suggested algorithm examines the dynamics of love affairs between couples. The q-HASTM is a creative combination of Sumudu transform technique, q-homotopy analysis method and homotopy polynomials that makes the calculation very easy. To compare the results obtained by using q-HASTM, we solve the same nonlinear problem by Adomian's decomposition method (ADM). The convergence of the q-HASTM series solution for the model is adapted and controlled by auxiliary parameter and asymptotic parameter n. The numerical results are demonstrated graphically and in tabular form. The result obtained by employing the proposed scheme reveals that the approach is very accurate, effective, flexible, simple to apply and computationally very nice.
Introduction
The theory of entropy was originally related with thermodynamics, but in recent years it has also been used in other areas of investigation such as information theory, psychodynamics, thermoeconomics, human relationships and many more. The second law of thermodynamics states that entropy increases with time. It indicates the instability of a system over a period of time if there is nothing to stabilize it. Similarly, in human relationships, we have daily interactions and these relationships also become disordered. We require input to stabilize any relationship, to iron out the wrinkles or differences, so that we don't possess and store things forever [1] [2] [3] [4] . The study of interpersonal and romantic relations has been gaining popularity during the past ten years. Interpersonal relations occur in many ways, for example marriage, blood relations, close associations, work and clubs. Since 1957, marriage has been investigated scientifically and we can observe some general interpretations which lead to models of marital interactions. The authors were inspired to study why some married couples get a divorce, when some others couples do not divorce. Moreover, among married couples, some are happy, while some are not happy with each other. In today's
Basic Definitions
In this section, we discuss the fundamental definitions of integrals and derivatives of non-integer order and the Sumudu transform.
Definition 1.
The left-sided Riemann-Liouville fractional integral operator of order µ > 0, of a function g(ξ) ∈ C α , α ≥ −1 is given in the following manner [9] :
Definition 2. If g(ξ)
is a function of a variable ξ, then the Caputo fractional derivative of the function is expressed as follows [10] :
for m − 1 < µ ≤ m, m ∈ N, ξ > 0. Now, we present the following relation for the fractional integral in the Riemann-Liouville sense and the fractional derivative operator in the Caputo sense:
Definition 3. The Sumudu transform is a newly introduced integral operator, which was suggested and developed by Watugala [27] .This newly integral transform is expressed and discussed over the set of functions:
as follows:
The pioneer work in connection with the formation of important and basic results of the newly integral transform was conducted by Asiru [28] , Belgacem et al. [29, 30] and Srivastava et al. [31] . is written as follows [32] :
Model Description
We consider a nonlinear dynamical model of interpersonal relations with arbitrary order of the form [8] :
with initial conditions:
Here variable x measures the love of individual 1 for his/her partner and y measures the love of individual 2 for his/her partner. The positive and negative measurement indicates the feelings of the partners towards each other. In the model, a i > 0, a i , b i , c i (i = 1, 2) and ε are real constants. These parameters are described as the oblivion, reaction, and attraction constants. In this model, we suppose that in the absence of partners feelings of each other decay exponentially fast. The romantic style of individuals 1 and 2 specified by the parameters a i , b i and c i (i = 1, 2). For example, a i represents the expanse to which the individual i is inspired by one's own feelings. The parameter b i describes the expanse to which the individual i is inspired by the partner and it is expected that individual's partner are supportive in nature. It measures the inclination to seek or avoid the closeness in the love 
Basic Planof q-HASTM
To discuss the key plan of q-HASTM, we take a nonlinear fractional differential equation of the form:
Here x is an unknown function of variable ξ and
dξ µ denotes the fractional operator of order µ proposed by Caputo, m ∈ N, R indicates the bounded linear operator in ξ and N represents the general nonlinear differential operator in ξ Employing the Sumudu transform on Equation (7), we obtain:
Applying the differentiation aspect of the Sumudu transform, we have the following result:
On simplification, we have:
We define the nonlinear operator by keeping view of Equation (10):
In Equation (11), q ∈ 1, 1 n is the embedding parameter and ϑ(ξ; q) is known as a real function of ξ and q. Now we develop the homotopy which is given by Equation (12):
where S indicates the Sumudu transform operator, n ≥ 1, = 0 specify an auxiliary parameter, x 0 (ξ) show an initial approximation of x(ξ). If we set the embedding parameter q = 0 and q = 1 n , then we have:
Thus, when q varies from 0 to 1 n , then the solution ϑ(ξ; q) takes place from the initial approximation x 0 (ξ) to the solution x(ξ). Expanding the function ϑ(ξ; q) in the series form by exerting the Taylor series about q, we obtain:
where:
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If the initial approximation x 0 (ξ), asymptotic parameter n and the auxiliary parameter are chosen properly, then Equation (14) converges at q = 1 n , then we get the following result:
which must be one of the solutions of the nonlinear fractional differential Equation (7). By taking into consideration Equation (16), the governing equation can be found from the Equation (12). We define the vectors as follows:
Now differentiating the equation (12) k-times w.r.t. q, then divide by k! and finally setting q = 0, it yields the following result:
Now employing the inverse of the Sumudu transform operator on Equation (18), we obtain:
where χ k is defined and given as follows:
We define the value of k ( → x k−1 ) in a new way as:
In the Equation (21), P k represents the homotopy polynomial [33] and given in the following form:
and:
Using Equation (21) in Equation (19), we get:
The novelty in our proposed approach is that a new correction function (24) is introduced by employing homotopy polynomials. Therefore, from Equation (24), we can calculate the distinct iterates x k (ξ) for k > 1 and the q-HASTM series solution is given as follows:
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q-HASTM Solution for Nonlinear Fractional Dynamical Model of Interpersonal and Romantic Relationships
In this section, we find the solution of nonlinear fractional dynamical model of interpersonal and romantic relationship written in the following form:
withinitial conditions:
Employing the Sumudu transform operator on Equation (26) and using the initial conditions (27), we get the following results:
(28) Now, we write the nonlinear operator as follows:
thus, we have:
x j x r−j .
The m-th-order deformation equations are given as follows:
Next, on employing the inverse Sumudu operator, this gives:
Now using the initial approximation x 0 = 0, y 0 = 0 and recursive relation (33), we obtain the following iterations of the q-HASTM series solution:
Following the same way the remaining components x k , y k , k ≥ 2 of the q-HASTM solution can be easilyobtained, hence we obtain the complete solution. Finally, we arrive at the following series solution:
Basic Idea of ADM
To demonstrate the ADM solution procedure [34, 35] , we use a fractional nonlinear differential equation with the initial condition of the form:
here
Employing the operator J µ ξ on both sides of Equation (36) and making use of result (3), we get:
Further, we decompose the function x(ξ) into sum of an infinite number of components expressed by the decomposition series as follows:
and the nonlinear term can be decomposed as:
where A n denotes the Adomian polynomials, given as follows:
The components x 0 , x 1 , x 2 , . . . are determined recursively by substituting (38) and (39) into (37) leads to:
This can be written as:
(42) ADM uses the formal recursive relations as:
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ADM Solution for Nonlinear Fractional Dynamical Model of Interpersonal and Romantic Relationship
To solve the nonlinear fractional dynamical model of interpersonal and romantic relations (26), we apply the operator J µ ξ on both sides of Equation (26) and use result (3) to obtain:
This yields the following recursive relations using Equation (43):
(45)
The first few components of the Adomian polynomials are given as follows:
The components of the ADM solution can be simply obtained by making use of the above recursive relation:
and so on. In this way the remaining components of the ADM solution can be determined. Hence, the ADM solution of Equation (26) is given as follows:
which can be recovered from the q-HASTM solution by setting = −1 and n = 1. However, most of the results obtained by using other analytical schemes such as HPM, VIM, DTM, and ADM converge to the corresponding numerical results in a very small region. Instead of these methods, in the case of q-HASTM, we can easily settle and restrict the region of convergence of series solution obtained by q-HASTM by setting appropriate values of and n.
Numerical Simulations
In this section, we perform the numerical simulations for x(ξ) and at the distinct fractional Tables 1 and 2 and Figures 1-11. From Tables 1 and 2 , it can be noticed that the values of the approximate solution at distinct grid points obtained by the q-HASTM and ADM are in a very good agreement. Figures 1 and 2 depict the behavior of x(ξ) and y(ξ) for the different values of µ. From Figure 1 we can observe that when we decrease the values of µ in the fractional dynamic model then the love of individual 1 for his/her partner decreases. From Figure 2 we can observe that when we decrease the value of µ in the fractional dynamic model then the love of individual 2 for his/her partner decreases. Figures 3-5 reveals the behavior of x(ξ) and y(ξ) for the different value of µ at = −1 and n = 1. From Figures 3-5 , we see that when we decrease the values of µ in the fractional dynamic model then romantic relation between the couple decreases. Figures 6-8 demonstrate the -curves for x(ξ) at distinct values of µ and n. Figures 9-11 show the -curves of y(ξ) at distinct values of µ and n. The horizontal line segment in -curves shows the range of convergence of q-HASTM solution. From the Figures 6-11 , it can be noticed that the range of convergence is directly proportional to the value of asymptotic parameter n. Hence, the results obtained by using the proposed technique converge very fast as compared to other existing analytical sachems. 
Conclusions
In this article, we have proposed a novel numerical method named q-HASTM to solve nonlinear dynamical models of interpersonal and romantic relationships for marriages with a fractional approach and compared the results with ADM. The numerical and graphical results reveal the successfully application of q-HASTM for solving the fractional dynamical model. The results 
In this article, we have proposed a novel numerical method named q-HASTM to solve nonlinear dynamical models of interpersonal and romantic relationships for marriages with a fractional approach and compared the results with ADM. The numerical and graphical results reveal the successfully application of q-HASTM for solving the fractional dynamical model. The results derived with the aid of both the techniques are in an excellent agreement. The displacement shows a new nature for the time fractional derivative compared to the integer order derivative. The convergence of the q-HASTM solution can be adjusted and controlled with the aid of the auxiliary parameter and asymptotic parameter n. The results presented in the form of graphs and -curves indicate that the suggested scheme is very efficient and accurate. Hence, it can be concluded that the proposed approach is highly logical and can be employed to investigate a wide range of nonlinear mathematical models of fractional order appearing in real world problems. Moreover, q-HASTM opens new doors in the fields of mathematical modeling and fractional calculus.
